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The long wavelength cutoff of a Si;P detector was extended 
to 34 urn by the application of a uniaxial stress. An unstressed 
Si:P photoconductive detector responds to photons of up to 
28-yin wavelength. By applying a uniaxial stress to a 
detector along the [100] crystal axis, we were able to extend 
the response to v34 microns. The [100] axis was chosen as the 
stress direction because theoretical calculations predicted 
that such a stress will extend the wavelength response more 
than one along the [110] axis. These theoretical calculations 
were based upon fits to experimental data obtained at stresses 
of up to v2 kbar (Tekippe at al. 19 72) , and indicated that 
the extension in wavelength response should continue to in- 
crease at much larger stresses. These are the results which 
were used in the calculations in our proposal. Recent con- 
flicting experimental results indicate that the wavelength 
response extension should level out to a constant value for 
stresses ■^4 kbar (Cooke et al. 1978) . The resulting limit 
to extension of response is v35 microns, indicating that our 
detectors were near the ultimate limit. This is consistent 
with our observations on four separate test runs. We obtained 
a long wavelength limit of 33-34 microns. 

The results from a test run are shown in the accompany- 
ing figure. In addition to the longer wavelength response, this 
figure also shows that the photoconductive response near the 
peak was approximately ten times smaller in the stressed detec- 
tor. The reason for this drop is probably due to a decrease in 
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carrier mobility or lifetime. Increased electrical resistance 
parallel to a [100] compression has been observed in Si:P 
(Morin et al. 1957) . (Any stress-induced resistance change 
is known as piezoresistance.) This increase has been inter- 
preted as a result of an increased population of the conduc- 
tion band minima parallel to the stress direction, resulting 
in a decreased mobility along the stress axis (Herring 1955; 
see also Keyes 1960). For low stresses (■^O.OS kbar) in Si:P 
this piezoresistance has been found to be linear in stress 
and increases with decreasing temperature (Morin et al. 

1957) . However, no measurements have been found for the 
stresses and temperatxare which our detectors are subjected 
to (>3kbar) . Under such conditions the piezoresistance effect 
becomes nonlinear (Fritzsche 1959) so that we cannot extra- 
polate from the low-stress values. Thus, although the piezo- 
resistance effect may explain our loss of photoconductive 
response, we cannot quantitatively verify it. 

Although the extension of wavelength response has been 
demonstrated, detector noise was a problem. Detector noise 
rose sharply with increasing bias voltage and was seen as vol- 
tage spikes in the output at voltages %20% of the breakdown 
voltage. These spikes became more frequent as the bias was 
increased. Because of this noise, the detector signal-to- 
noise is severely degraded. This noise behavior is very simi- 
lar to the "spiking" noise reported by Fischbach et al. (1981) 
in Si:P detectors, which they ascribe to electrical breakdown 
phenomena. Both our detectors and those of Fischbach et al , 
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were implanted with phosphorus ions to form ohmic contacts. 
Although ours were implanted at a single energy and dose and 
theirs wi.th four energies and doses, the spihe noise may arise 
from the implanted layers. However, origin in the bulk mate- 
rial cannot be ruled out. 

We have recently been collaborating with G. Lamb of GSFC 
to investigate other contacting procedures for n-type silicon. 
It is clear from our low-background tests that this material 
has high quantum efficiency ('^20%) ; and if the spiking is a 
contact phenomena, then very high quality (unstressed) detec- 
tors can be fabricated from this material. This is an impor- 
tant consideration in view of the fact that we have in excess 
of 200 cm^ of. the material. 

Recently we have been looking to the problem of extend- 
ing the response of p-type Si by the application of stress. 
Unfortunately, less experimental data on the energy level 
shifts seem to exist for p-type material. 
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TABLE 

Si:P Stressed Detector Characteristics 


Size: '^2 2 x l inm 

Resistivity: p'^'1.2 fi-cm (n'v-4xio*® cm“M 


Stress Direction: parallel to [100] crystal axis (along 

1-iran dimension) 

Implant: 2xio*® atoms/cm^ at 100 keV annealed at 

700°C for 10 min in vacuum 

Contacts: Mo-Pt-Au vacuum sputtered layers (put on 

in that order) on 2 x 2-mm faces soldered 
to with In 
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